Abstract. Changes in the total ozone amount (TOA) above Lithuania and neighbouring countries during the period 1993-2008 have been analysed. The present study focuses on the TOA seasonal variations over the aforementioned area. The statistical data of measurements were analysed. The detailed information of TOA was presented by the Lithuanian Hydrometeorological Service and the World Ozone and Ultraviolet Radiation Data Centre (WOUDC). The net of stations measuring the TOA changes was set; it consisted of 16 meteorological stations. The coefficients of correlation of TOA changes between various stations were calculated basing upon the Pearson's Correlation Coefficient. It was established that the seasonal TOA variation tendencies were coincident between the stations and most linear correlation coefficients between Lithuania and neighbouring countries were 0.9 and 1.0. During the analysis of TOA data, it was established that the results of measurements performed in Lithuania from May 1999 to February 2000 and from May 2000 to January 2001 were insufficiently precise. To estimate TOA in Lithuania (at Kaunas Meteorological Station) without performing direct measurements, the linear function was calculated using the least squares method and the data obtained from the investigated net of meteorological stations. The difference between calculated and measured TOA results was up to 8%.
Introduction
Without ozone in the upper atmosphere, life on Earth would not have evolved and could not exist today. It serves as a protection system from harmful ultraviolet radiation. The problem of the changes in the ozone layer and formation of ozone holes not only above Antarctica but also above other continents is one of the most interesting and complicated (Smirnova et al. 2000) . An ozone hole is an abnormality, the depletion of ozone in the atmosphere (rarefaction of the ozone layer), which is typical for the certain latitudes and seasons. Therefore, the main priority in the environmental protection of countries is public interest, i.e. to be protected from negative global phenomena including ozone holes.
The total ozone amount is used for evaluation of the changes in the stratospheric ozone layer. Currently, the total amount of atmospheric ozone is expressed in terms of Dobson units (DU).
The total ozone amount (TOA) variations are hard to control due to the anthropogenic influence (Stolarski et al. 1994) . Pollution of the anthropogenic atmosphere reduces the ozone layer in the stratosphere. The changes of total ozone amount in stratosphere condition the changes of biologically active UV radiation at the Earth's surface (Palancar, Toselli 2004) . Most importantly, in case of stratospheric ozone layer depletion, more solar UV radiation will reach the ground surface, harming life on Earth, as well as decreasing the thermal stability of the stratosphere. Of course, the decrease of the total ozone amount conditions the increase in intensity of UV radiation, even if all other factors remain stable. Stratospheric ozone is one of the environmental elements of utmost importance to humans. Although this fact has been known for many years, people started showing more interest only in the last few decades, as the stratospheric ozone layer started to decrease, thus increasing the risk of skin cancer (Chadyšienė, Girgždys 2009 ). Subsequently, it became necessary to provide people with more information on the total ozone amount changes, appearance of ozone holes and the impact of anthropogenic pollution on composition of ozone molecules.
In Lithuania, the TOA monitoring measurements have started since 1993. However, the TOA measurements can be performed only under congenial meteorological conditions (i.e. clear or slightly cloudy sky).
There are no possibilities to perform the continuous measurements of TOA data using measuring tools in latitudes of Lithuania. Therefore, it is relevant to find ways to widen possibilities of TOA measuring, using the information cumulated and the measured TOA data. Thus it would be possible to estimate TOA data in those countries, where the monitoring is not performed or due to meteorological conditions and other reasons there are no possibilities to carry out continuous measurements of TOA.
The seasonal variations of TOA show that in the northern hemisphere, ozone amounts are larger in winter and early spring, while smaller in summer and autumn (Hilsenrath et al. 1981) . However, there were no investigations analysing whether the variations of TOA above Lithuania were the same as the changes above neighbouring countries during the same period of time as well as possible relationships between these changes. Besides, it needs to be clarified, the data of which neighbouring countries could be used for estimating TOA in latitudes of Lithuania.
Ground-based solar radiation monitoring stations are of a particular interest in obtaining exhaustive and reliable information about the radiation field on the Earth's surface, the column ozone content (Aculinin et al. 2005; Jonov et al. 1998; McPeters, Labow 1996) . A Dobson ozone spectrophotometer is one of the primary instruments used for the ground-based measurement of the total column content of ozone (Evans et al. 2004; Santangelo et al. 1996) . There are various pieces of equipment used to measure ozone, but some of disadvantages are related to high price, high costs for operation and maintenance as well as large size and weight, which are adverse to field campaigns. Well trained staff is absolutely necessary to achieve good results and to keep the instruments well calibrated over a long time of operation (Köhler 1999) . There is very little scientific information on ozone analysis performed in Lithuania and no precise and methodically based investigations of TOA changes; however, there is a lot of scientific information on tropospheric ozone changes (Girgzdiene et al. 2007 (Girgzdiene et al. , 2009 Valuntaitė et al. 2009 ). Dynamics of TOA changes in Lithuania and neighbouring countries are insufficiently examined. Analyzing TOA changes in Lithuania, it is important to estimate long-term tendencies of variations both in Lithuania and neighbouring countries, to estimate the similarity criteria of these variations, and evaluate possibilities to adopt data of other countries for estimating TOA in Lithuania.
The aim of the study is to examine the relationship of TOA changes in latitudes of Lithuania and neighbouring countries, also to study the possibility to estimate TOA over Lithuania without direct measurements, using the TOA results of neighbouring countries.
Methodology of the Analysis

TOA changes over Lithuania and neighbouring countries
To evaluate TOA changes over Lithuania and neighbouring countries, the network of 16 meteorological stations was set, including Kaunas. All stations are in European cities (Fig. 1) .
The distance method was used to measure TOA from ground level (R3-15). The detailed information of TOA was presented by the Lithuania Hydrometeorological Service and the World Ozone and Ultraviolet Radiation Data Centre (WOUDC). The TOA variation is not a phenomenon of local importance (Basher 1994) . It covers huge territories and the distances between the meteorological stations amount to hundreds of kilometres. Therefore, for simplification cities, not the meteorological stations are referred as to datum-points. Information about geographical location of the meteorological stations is presented in Table 1 .
For the analysis of TOA data of the monitoring stations, equal time interval from 1 January 1993 to 31 December 2008 was chosen. The annual total ozone amount changes were established for each station and the tendencies of the annual changes during the examined period, quantitative and qualitative indicators were evaluated.
The monitoring of TOA data of all 16 cities during the period 1993-2008 was examined. The monthly average values of the results obtained during TOA monitoring measurements were estimated; the tendencies of seasonal variations were defined and the monthly distribution of TOA data was evaluated (having in mind the TOA dimension), using the standard deviation function.
Correlation analysis was applied using SPSS v. 17.0 statistical software. Correlation method of analysis reveals links between the values of the cause. It is only a quantitative measure of the connection strength. The TOA monthly average values were studied by Pearson's Correlation Coefficient r. This parameter is presented by formula (Hill, Lewicki 2007) :
where: r -linear correlation coefficient; i x -Kaunas TOA value, DU; i y -other city TOA value, DU; xKaunas TOA average value, DU; y -other city TOA average value, DU; S x and S y -standard deviation.
TOA measurement in Lithuania adopting the data of neighbouring countries
Using the data from the network of stations, the accuracy of TOA measurements performed in Lithuania during the period 1999-2001 was evaluated.
To measure TOA in Lithuania (Kaunas Meteorological Station) with the help of the least squares method, the data on geographical locations of the measuring stations and TOA measured by meteorological stations of neighbouring countries were used (Table 1) .
The possibilities to adopt TOA data measured in other countries for latitudes of Lithuania were evaluated by attributing values of TOA data of the station network to a small range of surface. The optimal trend or the linear function has to reduce the square deflections from trend as much as possible (Kang-Tsung 2006; Bailey, Gatrell 1995) . The solution is performed in the following matrix:
where: Z -linear matrix of known values; a -column vector of known a coefficients; B -square matrix, received from known X and Y coordination values of the points of geographical places. Thus the optimising solution is:
where 1 B − -inverse B matrix. The calculation of the first row surface, using the least squares method, is performed according to the following formula:
Z(x, y) is calculated TOA; a 0 , a 1 , a 2 -coefficients of polynomial equation; and X, Y --coordinates of a station.
The following three normal equations were used to calculate these three unknown a for the n data point:
Having calculated this system, the best variant of the two-dimensional, first row (flat) surface was received, well defined by the least squares regression (Johnston 2003) . It can be written in the form of a matrix:
The monthly average values of TOA during 1993-2008 were calculated and the data obtained from neighbouring countries were compared with Kaunas data. The difference between obtained TOA results by interpolation method and the TOA data measured at Kaunas Meteorological Station was calculated. Thus, the accuracy of obtained results was evaluated and the possibilities to estimate TOA above Lithuania were extended, despite of non-existent possibilities to take TOA measurements.
Results of the Analysis
TOA changes above Lithuania and neighbouring countries
While investigating seasonal variations of TOA at latitudes of Lithuania and 15 other chosen neighbouring countries (the Northern Hemisphere), it was revealed that the process of these seasonal variations is analogous: it decreases during April-October and increases during November-March. As an example, the estimated TOA data in investigated cities in 2005 is graphically shown in Fig. 2 .
After processing the TOA data of all 16 meteorological stations comparing the same day results of the measurement and the monthly average values, and after calculating the linear correlation coefficients between TOA data of Lithuania and neighbouring countries, it was revealed that in general, the variation tendencies of measurement results taken at Kaunas Meteorological Station were similar to annual variation tendencies of the investigated neighbouring countries: many of 201 linear correlation coefficients had a strong correlation -more than 0.9; 43 coefficients are between 0.8-0.9 (strong); 10 coefficients were between 0.7-0.8 (strong) and only 2 coefficients were less than 0.7 (weak) ( Table 2 ).
The seasonal variations of TOA during 1999-2001 were examined and linear correlation coefficients were defined without using data of that period, when the TOA estimated in Lithuania was significantly different from the data of neighbouring countries.
The TOA data of 2000 were not examined at all as the results of only two months corresponded to general variations of other countries and these data were not enough to evaluate correlation. The obtained results are shown in Table 3 .
Having evaluated the process of seasonal TOA variations in 16 cities, it was established that the data of Kaunas Meteorological Station from May 1999 to February 2000 and from May 2000 to January 2001 inclusively, were significantly dissimilar (in some cases, the difference is more that 150 DU) with the data of neighbouring countries (Fig. 3) .
Having summarised the obtained variations of linear correlation coefficients, it was revealed that the correlation coefficients between the data of Kaunas Meteorological Station and St. Petersburg, Lindenberg, Hradec 1993 1994 1995 1996 1997 1998 1999 The obtained values of linear correlation coefficients between the data of Kaunas Meteorological Station and other countries can be adopted to define the total ozone amount during those periods when the measurements of the total ozone amount were not performed above Lithuania or the obtained results of the measurements are inaccurate. The difference in data of Kaunas Meteorological Station and other investigated countries can be explained as inaccuracy of measuring ozonometer, impact of meteorological conditions on performed measurements, mistakes of a worker performing measurements, and etc.
The largest average values of linear correlation coefficients during the period 1993-2008, which are more than 0.950, were defined between Kaunas and St. Petersburg, Lindenberg, Hradec Králové, Bielsk and Norrköping (Table 3 ). The TOA data of these cities are the most correspondent to the seasonal TOA variations and alteration tendencies of Lithuania. To define the TOA in Lithuania the interpolation of data must be performed. For interpolation only the results obtained during TOA measurements in neighbouring countries can be used.
TOA measurement in Lithuania adopting the data of neighbouring countries
The method of least squares was used. Number n was equal of the number of used stations. For calculation, the known processed data were inserted in Eq. 9.
For example, the following matrix was obtained using the average values of the total ozone amount in January 1997 (Table 4) (n = 14, because there were no TOA data of Minsk and Kaunas and data of these stations were not used).
Having changed the matrix and having calculated unknown a, the linear function was defined as follows:
Z(x,y) = 355.9885 + 1.0692X + 0.9961Y.
Having inserted the coordinates of Kaunas Meteorological Station, the average value in Lithuania in January 1997 was calculated as 327 DU. Having compared the calculated result of 327 DU with the measured 336 DU, the data difference was found amounting to as little as 2.67%. Fig. 3 .
It was established that in case of the method of the interpolation calculations and the least squares method with a smaller amount of stations, the TOA data only from those countries, between which the linear correlation coefficients with Kaunas Meteorological Station were the largest (over 0.950), was suitable for calculation of one day TOA. As an example, the obtained results are presented in Table 5 .
Having evaluated the obtained results and the TOA variation tendencies in Lithuania and neighbouring countries, having used the data of neighbouring countries and the data measured in Lithuania, the difference between calculated TOA values was up to 8%. 2. It is possible to estimate the TOA data in Lithuania using the TOA data of neighbouring countries adopting the interpolation method and using the least squares method. The difference between such calculated TOA values is up to 8%.
3. In case there were no TOA data from all 16 meteorological stations, the TOA in Lithuania could be estimated by the least squares method, adopting the data only from those countries, between which TOA variations have a correlation over 0.950.
